and an unsaturable component. The uptake rates of these three un phosphorylated vitamin B6 compounds compared at limiting concentra tions for the growth of E. coil KG980 appear to be essentially in good agreement with the response pattern of this bacterium to the three compounds.
Different behaviors of the six forms of vitamin B6 in the process of uptake by Escherichia coil were first suggested by the different effects on the control of de novo synthesis of this vitamin. Dempsey showed that PINS and PAL added to the growing cultures of E. coil B at a certain concentration effectively suppressed de novo B6 synthesis, whereas PAM, PINP, PALP, and DAMP were all ineffective, and the results were interpreted as showing that the ineffective B6 compounds might not have entered the cells significantly under the conditions employed (1) . The response of many B6 auxotrophs isolated by DEMPSEY and PACHLER (2) to various B6 compounds appears to support the above interpretation to some extent, since PIN and PAL were utilized effectively for growth of most of the auxotrophs, while PALP was not utilized. However, the fact that PAM was also utilized, although less effectively, and that some of the auxotrophs did utilize PALP suggest that more detailed studies are desirable.
PIN uptake by E. coil was first investigated by OYA (3) and was demonstrated to be a rapid, energy-dependent process leading to accumulation of intracellular B6 compounds. Extension of this investigation to all the six B6 compounds seems to be useful for understanding of the nature of B6 uptake by E. coll.
The present report describes the comparison of the six B6 compounds in their uptake and utilization mainly by an E. coil strain which is auxotrophic for B6.
MATERIALS AND METHODS

Chemicals.
PIN, PAL, PAM, PALP, and DAMP were obtained from commercial sources. PINP was prepared by the reduction of PALP with sodium borohydride (4) and was crystallized from solutions in ethanol after purification on a column of Dowex 50W-X4 (200-400 mesh, H+-form). All the phosphory lated forms of B6 were chromatographed immediately before use for biological experiments on columns of Dowex 50W-X4 equilibrated with appropriate buffers to avoid any contamination of unphosphorylated form.
The preparations of 3H-PIN (5) , 3H-PAL (6), and 3H-PAM (7) used were previously described. 3H PAMP was prepared by phosphorylating 3H-PAM according to the method of KURODA (8) . The product was isolated by applying the reaction mixture to a column of Dowex 50W-X4 (H+-form), washing with water, and eluting with 1 M aqueous ammonia. It was purified by chromatography on a Dowex 50W-X4 column equilibrated with 0.05M sodium acetate buffer (pH 4.25), and then on a DEAF-cellulose column. Fig.  1 (B) . The phosphate forms were thus clearly utilized, but they were less effective than unphosphorylated forms, as indi cated by comparison of the effects of PINP and PIN at 10-7M. This fact sug gests that the phosphate forms are utilized after conversion to some other related forms; it seems likely to be dephosphorylation by alkaline phosphatase synthesized by the bacterium. The fact that PAM and DAMP showed analogously the least effectiveness among the unphosphorylated and phosphate forms of the vitamin is consistent with this consideration.
Uptake of vitamin B6 compounds by E. coli KG980 Alkaline phosphatase is known to be located in the periplasmic space of E . coli cells (14) ; therefore, the results described above are likely to mean that the phosphate forms of B6 cannot be taken up in their intact form, but must be de phosphorylated before their uptake. In order to determine if this is the case, 3H -labeled PIN , PAL, PAM and their phosphorylated derivatives were incubated with the bacterial cells, and the uptake of the labeled compounds was determined . Figure 2 shows the results when the cells grown in the minimum medium were exposed to 10-6M solutions of 3H-B6 compounds in the same medium . The unphosphorylated B6 compounds were taken up at remarkable rates , and the T. TSUJI, and Y. NOSE • 
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order of uptake rate was apparently PIN>PAL>PAM. The uptake of PIN was particular in that it showed an "overshoot" phenomenon; its level reached a maximum after about 20min of incubation and after that gradually lowered. In contrast, the uptake of the phosphate forms was essentially negligible through the incubation period of 30min. Figs. 3 (A), (B) , and (C) show the results when the medium used for cell growth and uptake experiments was the phosphate starving medium with other same conditions as for Fig. 2 . The uptake of unphosphory lated B6 compounds was lower than that shown in Fig. 2 , but the more striking difference was that the 3H-label of phosphorylated B6 compounds was significantly taken up. This does not simply mean that the whole molecule including the phosphate moiety entered the cells, but means that at least the labeled moiety was taken up. The uptake of each phosphate form was more or less slower than that of corresponding unphosphorylated form, but there was no significant difference in the uptake level between PIN and PINP, or PAL and PALP, after 30min of incubation period. Thus, the results are consistent with the postulated participa tion of alkaline phosphatase described above. Furthermore, the involvement of this enzyme was supported by the effect of using the minimum medium for PINP uptake by the cells grown in the phosphate starving medium. As shown in Fig.  3 (D) , the uptake of PINP was remarkably reduced from that in Fig. 3 (A) same medium; the uptake was, however, significant when the phosphate starving medium was used for cell growth and uptake medium, as shown in Fig. 6 
